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Abstract-We have successfully carried out manipulation and 
visualization of carbon nanotubes in water under an optical 
microscope. We employed a quenching observation method [1] 
where intensity of fluorescent dyes around CNTs is decreased due 
to the energy transfer. By the quenching observation method, 
CNTs can be observed continuously for a long time by adding new 
fluorescent reagent after fluorescence photobleaching. However, 
we have to adjust its density around CNTs and it is extremely 
difficult to control proper condition of the reagent. Hence we built 
up a supplying system of fluorescent reagent in a microfluidic 
chip. We have found that a porous structured of PDMS could 
absorb fluorescent reagent as a carrier and supply reagent in high 
and equivalent density for a long time. In experiment, by using a 
micro-stirrer, we could mix a different couple of fluids uniformly 
and succeeded in controlling density of fluorescent reagent. Also, 
we have applied dielectrophoretic force for trapping of CNTs. The 
material for electrodes is ITO (Indium Tin Oxide). ITO is suitable 
for manipulation and observation of CNTs under an optical 
microscope because of its high conductive property and good 
transparency. In experiment, we trapped and observed CNTs by 
using quenching on the chip and confirmed that the fluorescent 
image of the CNTs was clearer than the bright-field image of 
them. 
 
I. INTRODUCTION 
Carbon nanotubes (CNTs) have attracted attentions recently 
as a new nano material because of its novel structure, and its 
mechanical, electric characteristics [1]. In the field of 
biotechnology, the requirement of using nano-device has been 
increased in recent years. The research to fabricate the nano-
device, such as sensor or transistor element, is done by an 
individual manipulation CNT with an atomic force microscope 
and an electron microscope [2, 3]. However, a CNT and 
devices have to be put in the vacuum environment to 
manipulate CNT while observing and manipulating with a 
usual electron microscope [2, 3]. Therefore, real time 
observation and operation of CNTs in solutions under optical 
microscope are required in this field. In this case, it is 
necessary to disperse CNTs in the solvent in the stable 
condition and to visualize them in solution. There are several 
methods to disperse CNTs, such as a surface structural change 
with the common uniting [4], a surface coating with surface-
active agent [5] etc. Also, some fluorescent observations are 
reported as a method of visualization [6]. However, the 
observation time is very short. Moreover, it is impossible to 
observe the same CNT sample after discoloring because a 
fluorescent reagent has been adsorbed to the surface of CNTs 
physically. 
Therefore, we have weighted toward the quenching 
phenomenon as an observation method of CNTs in the 
solution. Generally, the excitation energy moves from a 
fluorescent reagent to the adjacent CNT samples, and CNTs 
darkens more than ambient fluorescent solution. This is known 
as a quenching phenomenon. There is a report that a 
fluorescent reagent around the CNTs caused the quenching, 
and CNTs were observed successfully [7, 8]. With this method, 
long time and repetitive observation of CNTs can be feasible 
by simply adding a fluorescent reagent [8]. So, it is effective 
for the continuous observation in solution. However, we have 
to adjust the density of a fluorescent reagent around CNTs 
precisely. It is extremely difficult to control this because this 
density depends on the density of CNT in dispersed CNTs 
liquid. Therefore, we propose an on demand novel supplying 
system of a fluorescent reagent. For the current study, we have 
successfully manipulated the system and confirmed that CNTs 
can be observed clearer by quenching phenomenon.  
 
II. Design of microfluid chip 
We have used the Polymer-based porous structure that can 
adsorb a fluorescent reagent as a carrier to supply a fluorescent 
reagent. Also, we have mixed a couple of fluids practically on 
the chip, which have a micro stirrer to mix these fluids 
uniformly; one includes a fluorescence reagent, and the other 
one without it. Here, the micro stirrer has been fabricated by 
microfabrication with photolithography techniques for mass 
production. Generally there are various actuators to drive small 
objects such as electrostatic power, the optical pressure and so 
on. Compared to them, magnetic force has comparatively 
strong actuators and can work large displacements. The 
advantage is its harmlessness against the livings. For this 
reason, there are several reports about magnetically driven 
valves and pumps. However it is rare to find disposable and 
flexible molded actuators. Therefore we use magnetically 
driven microtool that is fabricated by molding polymer 
containing the magnetic particles [9]. For the current study, 
dielectrophoretic force is used to trap CNTs in the 
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microchannel [10] and observed that they are caught in the gap 
of electrodes.  
Here, PDMS (poly-dimethyl siloxane) was used as a Polymer 
structure material to supply the fluorescent reagent. We report 
the observation of CNTs by using the system to supply a 
fluorescent solution in a specific density. We adjusted the 
fluorescent density to control the flow rate of DI water in two 
inlets, and uniformalize the density in microchannel with the 
magnetically driven microtool. Figure 1 shows the concept of 
the chip. We fabricated this chip by photolithography and 
softlithography technique. 
The structure of the chip mainly consists of the reagent supply 
module and the CNT observation module (Figure 1).  
The reagent supply module consists of the microchannel, the 
magnetically driven microtool and a porous PDMS carrier. 
Two inlet ports are mounted, and the porous PDMS carrier, 
which has been soaked in a fluorescent reagent, is set on the 
way of the one channel. A fluorescent reagent is extracted from 
this carrier when it touches DI water. Magnetically driven 
microtool is set up in the confluence point of these two 
passages, and mixed them to uniform the density in the 
channel. Without mixing, it is difficult to mix the two flows 
and which become laminar two-layer sheath flows. So the 
density of a fluorescent reagent is biased in the channel. The 
stirrer has been rotated by the rotation of a couple of magnets 
mounted on a motor under the chip. We could adjust the 
density of a fluorescent reagent in wide range by mixing two 
flows of channels.  
The CNT observation module consists of the ITO (Indium 
Tin Oxide) electrode and the microchannel made of PDMS. 
ITO is suitable for manipulation and observation of CNTs 
under an optical microscope because of its high conductive 
property and good transparency. We have manipulated CNTs 
for observation with dielectrophpretic force. The point of the 
electrode gap is rounded off so that the amount of trapped CNT 
may decrease. By installing the flow of the dispersion liquid of 
CNTs to the microchannel and applying a voltage to the 
electrode, we can trap the CNTs in the liquid on the gap.  
 
III. CHARACTERISTIC EXPERIMENT IN THE MODULE 
OF FLUORESCENT REAGENT SUPPLY 
The porous structure which was formed as the sponge has a 
characteristic to absorb the liquid when it is soaked in the 
liquid, the liquid is re-released easily. We have proposed the 
method to supply a reagent on demand with a porous PDMS 
carrier, and have investigated their characteristics. This carrier 
has porous structure internally, and is immersed in a 
fluorescent reagent beforehand. When DI water contacts this, 
the reagent is extracted.  
Next is a fabrication of porous PDMS carrier. We have used 
so-called the salt reaching method [11]. The method is 
summarized as follows. First, NaCl particles (wt66 %) are 
mixed with PDMS before PDMS is hardened. It is noted that 
the density of the NaCl particles were difficult to uniform by 
its own weight when it is less than 66 %. After mixing, it was 
formed 2 mm thick sheet, and hardened by heat. Finally NaCls  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Basic concept of microfluidic chip 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2 Top view (a) (c) and cross-section view (b) (d) of porous PDMS support 
 
inside were removed by an ultrasonic bath. The produced 
porous PDMS sheet was punched out to proper size. The 
punched part was soaked in the fluorescent reagent solution for 
20 hours, and freeze-dried. The particle size for the current 
experiment was 430 μm and 10-30 μm. It is necessary to 
connect the empty holes of the porous PDMS structure in order 
to penetrate a reagent deeply within the carrier. Figure 2 is a 
photo of the upper surface and the cross section by electron 
microscope of the carrier, and the porous structure was 
confirmed as shown in Figure 2(b). As shown in Figure 2, the 
porous structure is observed as continuity.  
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We have measured a fluorescent density of the supplied 
fluorescent reagent solution from the reagent supply module. 
In this experiment, we have prepared three kinds of a porous 
PDMS carrier, 430 μm and 10-30 μm in particle size and a 
plane PDMS. The density of fluorescent reagent to soak porous 
PDMS was either 0.01 mM or 0.0001 mM. DI water was flown 
in at flow velocity of 0.05 m/s for 6 minutes with a syringe 
pump, and we have observed the fluorescent solution 
outflowed from the entrance. Fluorescent intensity was 
quantified with a gray scale by using the image analysis 
software (image J). Figure 3 shows profiles of grayscale 
images as a function of total flow volume in 0.01 mM. Figure 3 
shows that the fluorescent intensity became higher as the 
soaking density is higher. In this experiment, it is found that 
larger a hole size is, higher the density is for a long time. In the 
case of 0.01 mM, the carrier whose size of 430 μm in diameter 
could supply a reagent in a high density and almost constantly, 
while the carrier of 10-30 μm decreased the density as flow 
volume increased. The plane PDMS carrier showed 
comparatively high density until about 5 ml, and the density 
dropped after that. In the case of 0.0001 mM, the trend is 
similar to that of 0.01 mM though the case of 430 μm exceeded 
that of 10-30 μm totally. However, the plane PDMS carrier in 
0.0001 mM could not be used for observation of quenching 
phenomenon because the density was too low. This experiment 
clarified that it is able to supply the constant density reagent 
solution with the porous structure of PDMS. Especially, the 
lager particle size is, the better the density of reagent is. The 
suitable density depends largely on that of CNTs by employing 
the background of a fluorescent reagent in the observation of 
quenching phenomenon. Usually, it requires extra effort to 
prepare the fluorescent reagent solution of various densities of 
the chip. If we use the designed chip, we could fine-tune the 
appropriate density of a fluorescent reagent only by adjusting 
the inflow speed of DI water. The chip is able to supply 
fluorescent reagent on demand by only set the flow volume 
rate. If the high density is required, we set high flow volume 
rate on the PDMS carrier, and vice verse. Consequently the 
total time of the experiment became shortened and the 
efficiency is improved.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3 Profiles of grayscale images as a function of total flow volume (0.01 
mM) 
IV. OBSERVATION OF CARBON NANOTUBES 
First, we have confirmed that ITO electrodes could trap 
CNTs. The multi wall Carbon nanotubes(MWNT) used this 
experiment are purity of 95%, and tube diameters of 35 nm and 
length of the tube of 60-100μm. Ultrasonic treatment was done 
in DMSO, and P130 (1-pyrenebutanoic acid, succinimidyl 
ester) of 10 μM (Figure 4(a)). It is known that CNTs 
agglomerate together as it is [12], but they are dispersed in 
water by coating its surface with P130 [13]. After that, it 
removed unreacted P130 with centrifuge separation (15,000 
rpm, 30 min), and dispersed them in DI water. Dispersed CNTs 
liquid has been introduced to CNTs observation chip by the 
syringe pump (Flow velocity: 1 ml/h). 
Figure 5(a) and (b) show MWNT trapped to the vicinity of 
gap with dielecteophpreric force when alternate current is 
applied (AC, 0.5 V, 1 MHz). In the case of Fig.5, the electrode 
shape is different from Fig.1. The width is 7 μm, the gap is 3 
μm. The MWNTs are successfully trapped at the gap on the 
condition that the region of electrode in the channel was filled 
with CNTs dispersed liquid. 
It was clearly identified that the ITO electrodes could trap 
MWNTs by observing the same sample by the electron 
microscope (Fig.5 (a)).  
Next we have analyzed the electric field of vicinity of 
electrodes (Fig.6). If we could predict where the CNTs were 
trapped, the manipulation after trapping with dielecteophpreric 
force can be easier. 
Also we used single wall CNTs(SWNTs) dispersed liquid 
too. We have successfully trapped SWNTs at the gap on the 
experimental conditions which is similar to MWNTs (Fig.7 
(a)). Next we have flowed DI water to the chip with the pump, 
and eventually the fluorescence light has been observed after 
supplying a fluorescence reagent liquid. Figure 7 shows blight- 
field image and quenching image. CNTs could not be observed 
at all in blight-field image. However, in quenching image, 
CNTs could be observed very well. They were observed 
darkly. It has shown that we can observe CNTs in the solution 
by adjusting the density of a fluorescent reagent. Also, the 
CNTs were trapped as the analysis (white allow in Fig.6 and 
black allow in Fig.7). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5 (a) Scanning electron microscopy image and (b) blight-field image of 
CNTs attached to the ITO electrodes. 
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. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6 Contour of electric potential between ITO electrodes (The allows 
indicate where CNTs were trapped) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.7 Image of CNTs in water (a) Bright-field image (b) fluorescent image. 
CNTs are attached around ITO electrodes as we have predicted (two allows 
indicates them). 
 
V. CONCLUSION 
In this paper, we developed novel chip system to supply 
fluorescence dye with appropriate concentration.  The chip can 
adjust the density easily. And we have observed CNTs in the 
solution on real time by using the fluorescence as background. 
Next, we trapped CNTs to ITO electrode gap with 
dielecteophpreric force. Finally, we have successfully observed 
CNT sample trapped in the solution with optical microscope 
clearer. From these result, we could trap CNTs and observe 
them clearer by quenching observation method. This long time 
observation system for CNTs will lead to a major progress in 
nano-devises for biotechnology. 
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